Supplementary material 1 -Study area
The climate of Abisko, Northern Sweden is considerably drier than other locations at similar latitudes (Tveito et al., 2000; Yang et al., 2012) . Lying in the rain shadow of the Norwegian mountains, mean annual precipitation is just 332 mm , which is relatively low compared with neighbouring locations such as Narvik, Norway (< 100 km away) where annual precipitation reaches around 800mm (Callaghan et al., 2010) . The seasonal precipitation variability is high, with lowest mean totals of 46 mm during the spring months and highest mean totals of 136 mm during summer . Temperatures are relatively mild for a location inside the Arctic Circle, with a long-term mean annual temperature of -0.6°C for 1913 -2006 (Akerman and Johansson, 2008 , and a recent thirty year average of 0.1°C from . For this time period, mean winter and summer temperatures have been -9.3°C and 10.1°C respectively. These relatively mild temperatures are due to the relatively close proximity to the Atlantic Ocean (<100 km away). Long-term climate records for Abisko Scientific Research Station from 1913 reveal an abrupt warming phases from the late 1930s to the early 1940s, and a more recent shift from the mid-1970s to present (Callaghan et al., 2010; Yang et al., 2012) . Mean annual temperatures have increased by 2.5°C since 1913, with an accelerated increase of~1.5°C since 1974 (Callaghan et al., 2010) . Based on the most recent available thirty-year averaging period , the mean annual temperature now frequently exceeds 0°C -an important threshold temperature above which permafrost is particularly vulnerable (Smith and Riseborough, 1983) .
Lowland areas of the Abisko region are characterised by extensive peatlands. These include ombrotrophic bogs, peat plateaux, arctic fens and palsa mires (Figure 2 ). Palsa mires are particularly common features of the Abisko region. Palsa mires are frost-heaved peat mounds with a permanently frozen core and are characteristic of the circumpolar discontinuous permafrost zone (Lundqvist, 1969; Seppälä, 1972; Nelson et al., 1992; Seppälä, 1997; Gurney, 2001) . There is much concern over the future of palsa mires in a warmer world as their frozen core needs to survive the heat of the summer season (Seppälä, 2006) . As these peatlands are very sensitive to climate change there has been much discussion regarding the decreasing areal extent and degradation of palsas due to climate warming, and the effect this will have on C dynamics (Matthews et al., 1997; Zuidhoff and Kolstrup, 2000; Seppala, 2002, 2003; Luoto et al., 2004a; Luoto et al., 2004b; Payette et al., 2004) . There has been a lot of peatland research in the Abisko region (e.g. Malmer and Wallén, 1996; Dorrepaal et al., 2009; Kokfelt et al., 2009; Swindles et al., 2015a) . The Stordalen mire complex is probably one of the most researched and instrumented peatlands in the world. Recent studies have shown there to be deepening of the active layer and accelerated decay of permafrost at Stordalen due to increased temperature and snow depth, which has caused enlargement of minerotrophic areas and decline of relatively dry ombrotrophic peatland (Christensen et al., 2004; one from a desiccating bog, albeit with largely intact permafrost; and one from an area of collapsed peatland (0.4 km apart). Our third core came from a different peat complex, an Arctic fen, 59 km to the southeast. This site has no permafrost currently -although there are peatlands with permafrost < 1km away. The site is marked as a palsa in the Quaternary Geology Map of Sweden (Geological Survey of Sweden) based on field mapping that was carried out in 1970. We therefore contend that the site lost its permafrost sometime after 
Supplementary material 2 -Climate change in Abisko
Observed mean annual temperatures illustrating the large change in the 1980s. The red line is a locally weighted scatterplot smoothing function. A continuous wavelet analysis is also shown illustrating the breakdown of significant cyclical components starting in the 1970s. The black line highlights periodicities significant at the 95% level.
Observed mean annual temperatures 
Supplementary material 3 -Regional map with site locations
The map was created by the authors in ArcGIS 10.2, using contours and landcover polygons at 1:50,000 scale by Landmateriert (Swedish Mapping authority, http://kso.lantmateriet.se/ ). Our site locations were positioned in the field with a handheld Garmin etrex Summit global positioning system (GPS).
Supplementary material 4 -Study sites
We identified three different peatlands in the Abisko region each at different phases of permafrost decay: 1) Desiccating bog (western peatland at Stordalen); N 68°21 '23.0" E 19°02'39.0" DD 68.356361, 19.044111 2) Area of collapsed peatland surrounded by fen (north-eastern peatland at Stordalen); N 68˚21 '25.4" E 19˚03'14.0" DD 68.357055, 19.053888 3) Arctic fen with no current permafrost and abundant thaw pools (Arctic fen -3.5 km NW of Krovik).
N 67°57 '24.0" E 19°59'11.4" DD 67.956666, 19.9865 Site characteristics (water table measured Supplementary material 5 -Methods 0.5m-long peat cores were extracted from each site. We selected the coring location following site walkovers to ensure that it was representative of the site as a whole in terms of physical features, hydrology and vegetation composition. The representatively of the stratigraphy was also checked through in-the-field analysis of a number of trial cores across the site. The cores were wrapped in plastic wrap and aluminium foil, and stored at 4˚C prior to analysis. The cores were extracted using a Russian corer following De Vleeschouwer et al. (2010) and wrapped in plastic wrap and aluminium foil and shipped to the University of Leeds. At the University of Leeds the cores were stored in refrigeration at 4°C prior to analysis. The samples were subsequently ignited in a muffle furnace at 450°C for 8 hours to determine loss-on-ignition values (Schulte and Hopkins, 1996) . In the laboratory we carried out bulk density and loss-on-ignition analyses following standard methods (Chambers et al., 2010) and carbon (C) accumulation rates were calculated from the age-depth model peat accumulation rates, bulk density and C content following Tolonen and Turunen (1996) . Calculated C accumulation rates are 'apparent' rates of carbon accumulation (due to potential further decay), thus they represent the balance between production and decay (Clymo et al 1998) . Productivity is particularly important in determining actual rates of carbon accumulation in Arctic peatlands (Gao and Couwenberg, 2015) .
Testate amoebae were extracted using a modified version of Booth et al. (2010) . Peat samples were placed in boiling water for 15 minutes and shaken. Extracts were passed through a 300 µm sieve, back-sieved at 15 m and allowed to settle before sub-samples were used to make slides for microscopy. 100 to 200 amoebae were counted and identified to species level or 'type' in each sample using high-power transmitted light microscopy at 200 to 400x magnification. Identification was aided with reference to several sources (Leidy, 1879; Penard, 1902; Cash and Hopkinson, 1905; Cash and Hopkinson, 1909; Cash et al., 1915; Deflandre, 1936; Grospietsch, 1958; Corbet, 1973; Ogden and Hedley, 1980; Charman et al., 2000; Meisterfeld, 2001a; Meisterfeld, 2001b) . The taxonomy used was a modified version of Charman et al. (2000) , where some 'type' groupings are split to the species level (e.g. Phryganella acropodia and Difflugia globulosa were split out of Cyclopyxis arcelloides type when possible). This is an established, pragmatic taxonomic approach for analysis of Holocene peat samples (Charman et al., 2000) . The testate amoebae in the collapsed area of peatland have been published previously (Kokfelt et al., 2009) ; however, the temperature European transfer function used in this paper has been superseded by a more appropriate model for permafrost peatlands (Swindles et al., 2015a C, spheroidal carbonaceous particles (SCPs) and tephra was used to help date this sequence. Above-ground remains of plant macrofossils were extracted from the profile and submitted to the DirectAMS laboratory (Bothell, Washingston) for AMS radiocarbon dating. The dates were calibrated using IntCal13 (Reimer et al., 2013) .
The core from the desiccating bog was analysed for tephra using the quick burn technique (Hall and Pilcher, 2002; Swindles et al., 2010) . After burning, the tephra was sieved at 15 µm in an ultrasonic bath for 20 minutes to remove fine siliceous material, rinsed with deionised water, and the coarse fraction mounted onto slides. Tephra shard counts were conducted at 200 × magnification on a standard Leica binocular microscope. Following detection of the peak tephra shard concentration, tephra was extracted for geochemical analysis following the density separation method of (Blockley et al., 2005) . The peat sample was sieved between 80 and 10 µm sieve sizes. Further extraction was conducted using various densities of Fast Float heavy liquid. A cleaning float of 2.0 g cm -3 was used to remove organic material a further float at of 2.2 g cm -3 was also required to remove fine siliceous material. Finally tephra was floated off at 2.5 g cm -3 and rinsed thoroughly with deionised water. Samples were mounted onto glass slides using EpoThin resin, ground to expose the shards (cf. Dugmore et al., 1992 ) and polished to a 0.25 µm finish. Analysis was conducted by EPMA at the University of Edinburgh. Analysis setup followed the method of Hayward (2012) , all analyses were conducted with a beam diameter of 5 μm, 15 kV and beam currents of 2 nÅ (Na, Mg, Al, Si, K, Ca, Fe) or 80 nÅ (P, Ti, Mn). Secondary glass standards, rhyolite (Lipari) and basalt (BCR-2G) were analysed before and after runs of unknown glass standard analyses. Analysis of SCPs was carried out following Swindles (2010) . We assigned an age of AD 1875 to the first appearance of SCPs in the record based on the closest precisely-dated lake record (Sannajärvi), which is to the north of our field sites on the Finland-Swedish border (69°05′N, 20°52′E) (Ruppel et al., 2013) . Age-depth models were produced using linear interpolation between dates (using maximum probability in the case of the 14 C dates).
Data on active layer thickness and instrumental climate data were compiled from online sources:
http://polar.se/en/abisko-naturvetenskapliga-station/vaderdata/ http://www.gwu.edu/~calm/data/webforms/s2_f.html#_DATA TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP  NAO  TN  TX  PP  NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP  NAO  TN  TX  PP  NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP  NAO  TN  TX  PP  NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP  NAO  TN  TX  PP  NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP  NAO  TN  TX  PP  NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP  NAO  TN  TX  PP  NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP  NAO  TN  TX  PP  NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP NAO  TN  TX  PP 
